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ABSTRACT:
Asphalt shingles constitute more than 80% of the roofing materials in current residential housing in the United States.
Many post-disaster surveys have reported the failing of these roofing elements below the design level wind event.
Research to realistically model aerodynamics of asphalt shingles at full scale is limited. As a result, knowledge gaps
exist pertaining to peak wind loads and effects of permeability for asphalt shingles. In this study, a full-scale
experimental campaign was performed at Florida International University’s Wall of Wind (WOW) Experimental
Facility (EF) to study the aerodynamics and wind resistance of asphalt shingles by using a monoslope deck subjected
to different wind speeds and directions. The experimental protocols included both aerodynamic and failure
assessments, whereby the former dealt with studying the pressure and near-surface velocity distribution over the
shingled roof while the latter dealt with studying the failure mechanisms of asphalt shingles under high wind speeds.
Keywords: Asphalt shingles, Peak wind loads, Permeability, Speedup factor, Full-scale testing.

1. INTRODUCTION
Hurricane wind events have been responsible for the major disasters in the United States. National
Oceanic and Atmospheric Administration’s (NOAA) Office for Coastal Management reports the
insured losses due to hurricane wind events in the United States between 1986 to 2015 were more
than USD 515 billion. Just in 2017, the insured losses for hurricanes Harvey, Irma and Maria were
more than USD 92 billion. Many post disaster surveys confirmed that major insured losses in
residential buildings due to wind events were as a result of the failure of roofing elements and
subsequent water intrusion (Gurley et al. 2011; Taylor et al. 2011). No matter how insignificant a
local failure of roofing elements may seem, a roof breach would lead to water intrusion, as extreme
wind events are usually accompanied by heavy rain. Thus, it is important to study the wind
resistance of roof coverings and design them against any slight liftoff that can cause water
intrusion. This study focuses on the wind resistance of asphalt shingles. Among roofing elements
in the United States, asphalt shingles constitute more than half of the roofing system, as they
provide the cheapest roofing solution. Therefore, investigation of their wind performance is
important in terms of assessing their vulnerability to wind loads.
Previous tests on asphalt shingles provided the essential start of studying them and so far, have
laid of the fundamental procedural lay out for assessing their wind resistance. On this regard,
(Peterka et al. 1997) and preceding reports from the same authors provided the first testing method
for shingles, identified the failure mechanism associated with them and developed an analytical
model used to predict net peak loads on these members. These works have been used as the basis
for the current testing standards for wind resistance of asphalt shingles. Later studies by (Dixon et
al. 2014) further extended these works to consider aging effects using full-scale experimentation.
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While these literatures have provided essential knowledge on the wind resistance of asphalt
shingles, the distribution of external and net peak wind loads on the shingled roof surfaces have
not been fully studied. Moreover, knowledge gaps exist pertaining to peak wind loads, and extent
of pressure equalization or escalation due to permeability of asphalt shingles. Therefore, this study
focuses on addressing these gaps using a state-of-the-art full-scale testing facility.
2. METHODOLOGY
Full-scale experimental tests were conducted at the 12 fan Wall of Wind (WOW) Facility at Florida
International University (FIU). A 3:12 mono-slope roof shingled with class H asphalt shingles
with dimensions 161.25” x 155.25” was used. Two different sets of full-scale tests were conducted:
aerodynamic and failure assessment tests. For the aerodynamic tests, the roof was divided into two
symmetrical halves. One half was instrumented with pressure tabs and the other half was
instrumented with Irwin sensors to record the wind pressures and near-surface wind speeds over
the roof, respectively. The Irwin sensor calculates the wind speed at a particular height above the
surface, ℎ𝑠 through a calibrated equation for a specific height ℎ𝑠 ∕ ℎ , where ℎ is the probe height
(Irwin 1981). In total 306 pressure taps (18 taps on a typical shingle, 9 external and 9 underneath)
and 35 Irwin sensors were placed in critical areas. Once these data were recorded, distortions in
amplitude and phase of the measured pressures were corrected using appropriate tubing transfer
functions and the data were corrected accordingly (Irwin et al. 1979). A post-test partial turbulence
simulation (PTS) was later performed to account for the missing low frequency turbulence
(Mooneghi et al. 2016; Moravej 2018). These tests were conducted at a mean wind speed of 60mph
at mean roof height and an open terrain exposure for wind directions ranging from 0° to 360° with
an increment of 10° and the four corners (45°,135°,225° and 315°), with a sampling time of 60
second for each direction. The high-speed failure assessment test was performed at wind speeds
ranging from 90 mph to 140 mph with an increment of 10 mph for the 5 principal wind directions:
0°,45°,90°,135°, and 180°, for the same terrain roughness.
3. RESULTS AND DISCUSSION
During the aerodynamic tests, cornering winds from the high-end corners of the monoslope were
found to be critical for both surface pressures and velocities. This is consistent with previous
studies on monoslope bare decks (Stathopoulos and Mohammadian 1986). For this wind direction,
the worst peak external and net pressure coefficients (Cp) recorded were -9.62 and -8.4,
respectively. Moreover, high mean pressure values consistent with these peak values were also
indicative of the effect of conical vortices in these areas. Expressing the near surface wind speed
recorded in terms of a speed up factor, which is the ratio of the near surface wind speed recorded
to the mean wind speed of the approaching flow at mean roof height, the highest peak speed-up
factor for this critical direction was found to be 4.0. These wind speeds were measured at the roof
surface and were still found to be higher than the upper bound suggested by previous research
which measured them at 25mm from the roof surface.
Area averaged pressure coefficients were also computed for areas ranging up to a full shingle size,
as load will not be shared between adjacent shingles this size was deemed sufficient. Area averaged
peak external and net pressure coefficients were then compared with provisions from ASCE7-16
for the same slope (American Society of Civil Engineers 2017). The results showed that the
provisions in the ASCE 7-16, which do not consider the effects of permeable roofing elements
(such as shingles), underestimated the wind loads, especially for edge zones, see Figure 1. Increased
net suction compared to external peak loads were also observed for zones 1 and 2. This is expressed
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through a permeability factor, β, which is the ratio of peak net to external Cps, see Figure 2.

Figure 1 Area averaged net pressure coefficients compared to ASCE 7-16 GCp plot

Figure 2 Permeability factor for area averaged Cps for ASCE 7-16 monoslope zones
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Finally, the high-speed failure assessment tests helped in identifying two different failure
mechanisms. The first failure occurred in the region of high external suction due to cornering
winds at the high corners of the monoslope, consistent with the result from the aerodynamic test
discussed earlier. Even though there was a significant pressure equalization that reduced the net
suction on the roof, it was still high enough to cause liftoff. These types of failure modes were not
addressed previously for asphalt shingles. (Peterka et al. 1997) stated that shingle liftoff would rather
occur in the zone of reattachment due to a wind flow directed perpendicular to the leading edge of
the roof eave. And this lift off would be caused by suction on the leading edge of the shingle due
to surface flow and a positive pressure in the cavity acting together. This was the second failure
case identified in this study. It occurred in the region of low peak external suction and was
accompanied by pressure escalation.
4. CONCLUSION
Using full-scale low-speed aerodynamic and the high-speed failure assessment tests, the wind
resistance of asphalt shingles was studied. This research showed that asphalt shingles could fail,
not just due to local wind speed-up over the top surface of the leading edge as suggested by
previous works, but both due to high global and local wind-induced pressures. Therefore, wind
effects from both components should be considered in the design and testing of asphalt shingles.
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